Trauma accounts for less than 1% of all intracranial aneurysms. 1 Based on the underlying mechanism of injury, traumatic intracranial aneurysms (TICA) can be classified into four categories: penetrating head injury, missile injury, blunt head injury, and iatrogenic injury. [1] [2] [3] Histologically, there are two types of TICAs: true and false. The majority of TICAs are false aneurysms and are also referred to as pseudoaneurysms. 2, 4, 5 Establishing a diagnosis of pseudoaneurysms remains difficult and requires a high index of suspicion. In the absence of timely diagnosis and treatment, a mortality rate of up to 50% has been reported in patients harboring a cerebral pseudoaneurysm. 3 We present a case of distal middle cerebral artery (MCA) pseudoaneurysm following a stereotactic needle biopsy of a right temporal lobe mass. To our knowledge, only one other report in the literature describes the formation of pseudoaneurysm following stereotactic brain biopsy. Our case is the only reported case where the diagnosis of iatrogenic pseudoaneurysm following stereotactic biopsy was made prior to definitive surgery.
CASE PRESENTATION

History.
A 22-year-old left-handed Caucasian male presented with a history of ongoing slurring of speech, decreased coordination, and increased inhibition. Magnetic resonance imaging of the brain revealed an enhancing lesion extending from the right temporal lobe into the basal ganglia ( Figure 1 ). An image-guided stereotactic needle biopsy of the lesion was undertaken at an outside institution. No unexpected bleeding was encountered. Histopathology was in keeping with a primary CNS lymphoma. The patient was treated with high-dose methotrexate and received eight cycles over a three month period with excellent response. Residual hemorrhage was seen over the right temporal cortex at the biopsy site on the follow-up MRI done three months after the biopsy (Figure 2) . One month later, MRI showed regression of the lymphoma and decrease in the residual hemorrhage at the biopsy site. Six months later, MRI showed complete resolution of the residual parenchymal hemorrhage. However, a rounded contrast-enhancing lesion measuring 9.4 x 8.6 mm related to the nearby cortical vessels was first noticed ( Figure 3A) . The concern at that time was that this new area of enhancement represented recurrence of the tumor.
Neuroimaging. A follow-up MRI obtained six months later showed an increase in the size of the lesion to 11.9 x 12.7 mm (Figures 3B-C 
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primary CNS lymphoma was in remission. At this time, a traumatic pseudoaneurysm was suspected. The patient was therefore referred to us for further evaluation. An MR angiogram showed an aneurysmal dilatation of the distal segment of the right MCA. Digital substraction angiography confirmed the presence of a pseudoaneurysm related to two cortical M4 branches ( Figure 4 ). Aggressive treatment of the iatrogenic false traumatic aneurysm was recommended because of the increasing size and inherent risk of rupture. Endovascular treatment was felt to be suboptimal because of its distal location. Therefore, a microsurgical approach was chosen.
Surgery. A 4 cm right temporal bone flap, centered over the previous biopsy site, was elevated. The dura was carefully dissected and the pseudoaneurysm was identified on the cortical surface just underneath the gliotic tissue of the original burr hole. Hemosiderin staining was evident in the region. The pseudoaneurysm was circumferentially dissected free of adhesions. The parent artery was a M4 branch which bifurcated into two smaller branches distal to the pseudoaneurysm ( Figure  5A ). The pseudoaneurysm was secured by applying small temporary aneurysm clips to the feeding artery as well as the distal branches. The false aneurysm was resected and end-to-end microanastomosis of the proximal and distal MCA segments was performed using 8-0 Prolene sutures. We elected to proceed with reanastomosis of the distal branches to the parent vessel rather than simple trapping of the pseudoaneurysm because of the large caliber of the distal MCA branches and lack of collateral supply. Adequate blood flow in the distal branches was confirmed with intraoperative Doppler ultrasonography.
Histology and Postoperative Course. Histopathological examination of the excised pseudoaneurysm revealed partial occlusion of the lumen by an organizing thrombus ( Figure 5B ). The wall of the false aneurysm consisted of fibrous tissue with absent smooth muscle and internal elastic lamina. The patient tolerated the procedure well without any complications or deficits. He was discharged from the hospital two days later in stable condition.
DISCUSSION
Traumatic intracranial aneurysms are rare and account for less than 1% of all intracranial aneurysms. 1, 6, 7 They can occur following penetrating as well as blunt head injury. [8] [9] [10] [11] [12] However, penetrating head injury is a more common cause of TICA formation than blunt head injury. 2, [12] [13] [14] [15] Iatrogenic trauma has also been reported as a cause for TICAs. In a recent review, 52 cases of iatrogenic intracranial aneurysms were described in the literature since 1955. 16 They commonly involved the internal carotid artery and rarely the middle cerebral artery. 16 Pseudoaneurysms have been reported to occur following insertion of ventriculo-peritoneal shunts and intracranial pressure monitors, aneurysm surgery, tumor surgery, endoscopic ventriculostomy, and transsphenoidal surgery. [16] [17] [18] [19] [20] [21] [22] [23] Histologically, traumatic intracranial aneurysms are classified as true or false. True aneurysms are formed after partial disruption of the arterial wall. Thus, the internal elastic lamina and media are damaged, while only the adventitia and, possibly, a thinned or scarred layer of media remains intact. Incomplete mural injury with subsequent dilatation of intact but weakened arterial wall forms a true aneurysm. On the other hand, a false aneurysm is formed after complete arterial wall disruption, often sealed by a hematoma. The hematoma, released after the arterial injury, organizes to form the outer wall of the pseudoaneurysm. The majority of TICAs are pseudoaneurysms. 2, 4, 5 There are two types of iatrogenic pseudoaneurysms: saccular and fusiform. 24 Fusiform pseudoaneurysms are typically caused by peeling of the tumor capsule from the arterial adventitia of the adjacent vessel during the surgery. 24 These generally do not enlarge with time and typically do not present with a high incidence of hemorrhage. In contrast, saccular aneurysms result from a more focal and complete laceration of the vessel wall. They have a greater tendency to rupture in comparison to fusiform pseudoaneurysms. 16 Unlike berry aneurysms, traumatic intracranial aneurysms typically do not have a neck, are more irregular in their dome contour, and are subject to delayed filling and emptying of the sac when viewed on cerebral angiograms. 14 The natural history of p s e u d o a n e u r y s m s suggests a relatively dire course. 2, 13, 14, 25 The time from injury to diagnosis of TICAs varies from several hours to several months, and even several years in some cases. [26] [27] [28] [29] Unfortunately, the majority of cases are diagnosed after rupture. Spontaneous resolution or shrinkage has also been reported in the literature. 6, [30] [31] [32] In one series, shrinkage was seen in nearly 20% of patients with TICAs on serial angiography. 30 Horiuchi and colleagues 14 reported a rupture rate of 72.4% in their report of traumatic MCA aneurysms. Pseudoaneurysms composed 83.3% of all TICAs in their review. They reported a favorable outcome in 75% of patients who were treated with surgery and in 37.5% of patients managed conservatively.
14 Furthermore, the natural history of TICAs tends to be quite unfavorable as the mortality rate has been reported to be as high as 50%. 3, 33 Thus, aggressive management of traumatic saccular pseudoaneurysms is generally recommended in order to avoid the elevated mortality rate and achieve a more favorable outcome. 3, 13, 14, 33 Despite it's minimally invasive nature, image-guided stereotactic brain biopsy inherently carries risk of transient neurological deficit, seizure, infection, and hemorrhage. 34, 35 The reported incidence of surgical complications varies between 0-9.3%. 34, [36] [37] [38] A meta-analysis of almost 5000 published cases of CT-guided stereotactic biopsy of intracranial lesions revealed an overall complication rate of approximately 5%. 34 The most common complication encountered is hemorrhage at the biopsy site or along the needle tract. 34, 39 In a series of 355 patients, Grossman and coworkers 39 reported a 3.4% and 3.6% incidence of asymptomatic and symptomatic hemorrhagic complications, respectively following diagnostic stereotactic-guided biopsy. 39 Nevertheless, the incidence of pseudoaneurysm formation following stereotactic needle biopsy remains unknown.
Our review of the literature revealed only one other case describing the formation of a pseudoaneurysm following a stereotactic-guided brain biopsy. Sahrakar and colleagues 35 reported the case of a three-year-old child who underwent stereotactic biopsy for a frontal cystic lesion. Histology confirmed a well-differentiated astrocytoma and definitive surgical resection was subsequently undertaken. A pseudoaneurysm, contiguous with a cortical artery, was incidentally discovered during the second surgery. Anterograde and retrograde blood flow was confirmed in the parent vessel before ligation of the pseudoaneurysm which was coagulated and subsequently resected with a portion of the parent vessel. The authors recommended direct visualization of the cortex with an appropriately sized burr hole to avoid passing the needle through a cortical sulcus and thereby help to avoid arterial injury during image-guided brain biopsies. In our case, the pseudoaneurysm was noted following stereotactic-guided biopsy for a right temporal lesion. The distal MCA traumatic aneurysm was followed with serial MRIs and showed evidence of enlargement. The diagnosis was confirmed before surgery on MRA and cerebral angiography. Endovascular treatment was not recommended because of the distal location of the pseudoaneurysm. Thus, surgical trapping and excision was undertaken. The pseudoaneurysm was secured, resected, and primary vessel reconstruction with anastomosis of the proximal and distal MCA segments was accomplished.
The diagnosis of pseudoaneurysms can be quite challenging. Treatment modalities include direct aneurysmal clipping, trapping or occlusion of the proximal parent, and endovascular coiling or occlusion. 1, 2, 21, [40] [41] [42] However, surgical clipping may not be suitable in many instances because pseudoaneurysms do not have a neck on which the clip can be secured. 2 Furthermore, endovascular treatment can be challenging because pseudoaneurysms may occur at any segment of the vessel and not necessarily at a branching point. In addition, they typically have a high neck to fundus ratio which may make them less suitable for endovascular management. 3, 20 Surgical trapping and excision is usually recommended for distal traumatic MCA aneurysms. On the other hand, more proximal pseudoaneurysms can be adequately treated by clipping, trapping with bypass, or endovascular techniques to preserve distal blood flow. 14 Pseudoaneurysms are rare pathological entities and often remain undiagnosed until time of rupture. We present the second case in the literature which describes the formation of a pseudoaneurysm following image-guided stereotactic brain biopsy. Aggressive management is recommended because of the unfavorable natural history and high mortality rate associated with traumatic pseudoaneurysms. The optimal modality of treatment, either microsurgical or endovascular, should be determined on a case by case scenario.
